Ling-Yan Qin, Li-Gang Zhao, Xu Chen, Zheng Yang, Wu-Ning Mo* molecular and clinical characteristics. The etiology of NHL, which includes many factors, environmental factors and genetic factors, is not clear (Morton et al., 2008; Bassig et al., 2012) .
CCND1 gene, which is a cell cycle regulatory gene, locating at 11q13 and encoding a protein (cyclin D1), is important in control of the cell cycle at the G1 to S phase transition of the cell cycle checkpoint (G1/S checkpoint) (Sherr et al., 1995; Donnellan et al., 1998; Gijtenbeek et al., 2005) . Its dysregulation exists in a variety of tumors (Diehl et al., 2002) . The CCND1 gene has a common 870 G>A polymorphism (rs603965) at the junction of the fourth exon and intron. It exists two transcriptions, transcription A and transcription B, coding two protein subtypes (cyclin D1a and cyclin D1b). Two proteins are different in the 55 amino acids of C-terminal domain. Some studies indicate that the CCND1 gene has a G to A polymorphism, and the CCND1 870A allele expresses transcript B (cyclin D1b), which affects the risk of malignant tumors (Betticher et al., 1995; Bala et al., 2001; Qiuling et al., 2003; Wang et al., 2003) . CCND1 gene has been reported in various tumors (Akkiz et al., 2010; Yang et al., 2012; Wang et al., 2014) . Similarly, the CCND1 G870A gene polymorphism also has been reported in various tumors in Asian Pacific journal of cancer prevention (APJCP) during the last two years, but the results of previous studies were inconsistent (Li et al., 2012; Zeybek et al., 2013) . What is more, there are some studies about the gene polymorphism and leukemia or non-Hodgkin lymphoma risk, but the results of previous studies were also inconsistent. Given the background, we performed this meta-analysis on all published case-control studies to derive a more precise estimation of CCND1 G870A gene polymorphism with leukemia or non-Hodgkin lymphoma risk. In addition, a meta-analysis was robust to detect the overall effects and the inconsistency of previous studies.
Materials and Methods

Search strategy
All case-control studies about the CCND1 G870A polymorphism and leukemia or non-Hodgkin lymphoma risk published up to March, 2014. Systematic searches were identified by PubMed, Embase and China National Knowledge Infrastructure (CNKI), using the terms "CCND1" or "cyclin D1" in combination with "polymorphism" or "polymorphisms" or "variant" or "mutation" in combination with "leukemia" or "nonHodgkin lymphoma". Concurrently, the reference lists of reviews and retrieved articles were searched manually. No language or country restrictions were applied. Review articles were also examined to find additional eligible studies. The literature retrieval was performed in duplication by two independent reviewers (Lingyan Qin and Ligang Zhao).
Inclusion and Exclusion Criteria
Studies included in the meta-analysis must meet the following criteria: they (a) evaluated the association between CCND1 G870A polymorphism and leukemia or non-Hodgkin lymphoma risk; (b) supplied the number of individual genotypes for the CCND1 G870A gene polymorphisms in leukemia or non-Hodgkin lymphoma cases and controls, respectively; and (c) were case-control studies. The exclusion criteria were as follows: they were (a) not case-control studies; (b) studies that were based on incomplete raw data and those with no usable data reported; (c) conference abstracts, case reports, reviews, letters, and editorial articles; and (d) studies that contained overlapping data.
Data extraction
From each eligible study, the following information were extracted by two investigators independently with the standard protocol: the first author's surname, year of publication, country of origin, ethnicity, tumor type, source of control, method of genotyping, numbers of cases and controls, Hardy-Weinberg equilibrium (HWE) of controls, and the frequency of genotypes in both cases and controls. We did not contact the author of the primary study to request the information.
Statistical analysis
The odds ratio (OR) and its 95% confidence interval (95%CI) were calculated to assess the association strength between CCND1 polymorphism and leukemia or non- The heterogeneity between the studies was assessed by the χ 2 -test based Q-statistic and I 2 statistics. If the results of the Q test was P Q ≥0.1 and I 2 <50%, the fixedeffects was performed to pool the results (Mantel et al., 1959) . Otherwise, random-effects model was considered when the result of the Q test was P Q <0.1 or I 2 ≥50% (DerSimonian et al., 1986) . If heterogeneity was observed, logistic meta-regression analysis was applied to both general analyses and subgroup analyses to find the source of heterogeneity.
Sensitivity analysis was performed to assess the stability of the results and identify potentially influential studies. It was performed by sequential omission of a single study (Tobias et al., 1999) . Funnel plots and Egger's linear regression test were used to detect the potential publication bias (p<0.05 was considered a statistically significant publication bias) (Egger et al., 1997; Stuck et al., 1998) . All calculations were performed using Stata, version 12.0 (Stata Corporation, College Station, TX), and all the P values were two sided.
Results
Eligible studies
The literature search identified 45 potentially relevant articles through PubMed, Embase, and CNKI. After screening the title, abstract, or content, 10 publications studies were selected. However, one publication contained overlapping data, then was excluded (Wang et al., 2006) . Manual search of references did not cite in any additional article. Finally, a total of 9 publications including 10 case-control studies met the inclusion criteria for the meta-analysis (including a total of 6085 leukemia and non-Hodgkin lymphoma cases and 5460 controls) (Howe et al., 2001; Hou et al., 2005; Wang et al., 2006; Morton et al., 2009; Fernberg et al., 2010; Rong et al., 2010; Wang et al., 2011; Qian et al., 2012; Bedewy et al., 2013) . There were 6 studies of leukemia (containing 4 of ALL, 1 of CLL and 1 of CML), and 4 of non-Hodgkin lymphoma. Among these 10 studies, seven studies were English and three were Chinese. The distribution of genotypes in the controls was consistent with Hardy-Weinberg equilibrium (p>0.05) in all studies. The main characteristics of the studies were presented in Table 1 .
Quantitative synthesis of data
The summary results for the association of CCND1 G870A gene polymorphism with leukemia and nonHodgkin lymphoma risk are shown in Table 2 . After 6 studies of leukemia and 4 studies of non-Hodgkin lymphoma were pooled into the meta-analysis separately, significant association were found in non-Hodgkin lymphoma (comparison A vs G: OR=1. 
Heterogeneity analysis
Heterogeneity existed in leukemia, rather than nonHodgkin lymphoma (Table 2) . To explore the sources of heterogeneity of leukemia, we performed meta-regression and subgroup analysis. After assessing the source of heterogeneity for all genetic models by subgroup analysis on clinical type, we found that heterogeneity mainly came from ALL (Table 2 ). What's more, Galbraith plot was used to found the outlier in overall studies, and the result showed that there was not an obvious outlier study.
Sensitivity analyses
Sensitivity analysis was performed by sequential omission of individual studies. Our analysis suggested that the results of the overall population and subgroup were quite robust and reliable.
publication bias
Begg funnel plot was used to assess the publication bias of selected literatures. The shapes of the funnel plots did not show any evidence of obvious asymmetry (Figure 3, Figure 4 ). The Egger test was used to provide statistical evidence of funnel plot symmetry. The results also suggested the absence of publication bias (Table 2) .
Discussion
In recent years, CCND1 G870A (rs603965) polymorphism has been widely viewed as a lowpenetrant susceptibility allele for various cancers. Cell cycle regulator gene is crucial to differentiation, cell proliferation, and apoptosis (Evan et al., 2001) . CCND1 G870A polymorphism is a silent mutation (Pro 241 Pro), but an A allele, encoding cyclin D1a, has been shown to have a longer half-life than a G allele, encoding cyclin D1b (Gijtenbeek et al., 2005) . It was suggested that CCND1 870A allele was more likely to contribute to cancer development (Betticher et al., 1995; Solomon et al., 2003) . Previous studies of leukemia or nonHodgkin lymphoma and CCND1 G870A polymorphism contained the inconsistency. Given the background, we therefore performed this meta-analysis. Interestingly, we found a crucial association between CCND1 G870A polymorphism and non-Hodgkin lymphoma.
The present finding indicated that CCND1 G870A polymorphism played an important role in non-Hodgkin lymphoma, which showed a correlation (comparison A vs G: OR=1. The increased risk of non-Hodgkin lymphoma with CCND1 G870A polymorphism was observed in a relative large sample size. What is more, no heterogeneity was found in any model. Therefore, our analysis indicated that the results of the non-Hodgkin lymphoma population were robust and reliable. Although the limitation of small amount of studies existed in our study, the risked result was still similar to previous study in other cancers (Catarino et al., 2012; Yang et al., 2012; Bedewy et al., 2013) .
Based on our study, correlation between leukemia and CCND1 G870A polymorphism was not observed in any model ( Table 2) . As the result might be due to small-study bias, considering the limited sample size included in our meta-analysis, more primary large scale and well-designed studies are still needed to further evaluate the interaction of CCND1 G870A polymorphism with leukemia risk. In addition, different clinical types could increase the negative result. So it was necessary to do further clinical subtype study and analysis.
In the stratified analysis of clinical type, we considered ALL population as the only subgroup on account of the number of articles. The result showed that no association was found in ALL (Table 2) . However, when the P value in ALL was compared with P value in overall leukemia, it decreased obviously to certain degree and tended to have statistical significance. Our result indicated that clinical type might be a critical effect on the association. Furthermore, more studies needed to evaluate the interaction of CCND1 G870A polymorphism with ALL risk in various ethnicities.
Heterogeneity between studies was common in meta-analysis. To explore the sources of heterogeneity, we performed meta-regression and stratified analysis. Although we found that leukemia contributed substantial heterogeneity to our results, some heterogeneity can DOI:http://dx.doi.org/10.7314/APJCP.2014.15.16.6923 The CCND1 G870A Gene Polymorphism and Leukemia or Non-Hodgkin Lymphoma Risk: a Meta-analysis not be explained by possible source of heterogeneity, such as clinical type of leukemia. What is more, many factors could affect the genomic polymorphism spectrum in populations, such as habits, geographical location, type of diet etc. The ethno-genetic status, the radiation background, age, and bad habits strongly influence on mutagenic processes. Hence, we conducted analysis using the random effects model except heterozygote comparison. In order to further evaluate the between-study heterogeneity, we performed a Galbraith plot to explore the outliers. Subsequently, no outlier was found in our meta-analysis.
Funnel plot, Begg's and Egger's test were used to assess the publication bias of our included studies. Both the shape of funnel plot and statistical results did not reveal any obvious publication bias. This suggests that the publication bias did not make substantial effect on our results and that results of our meta-analysis are relatively stable.
Although comprehensive meta-analysis was conducted to demonstrate the association between CCND1 G870A polymorphism and risk of leukemia or non-Hodgkin lymphoma, there are still some limitations that should be pointed out. Firstly, CCND1 G870A polymorphism substantially varies across different ethnicities, more primary studies which focused on ethnicities should be carried out. Secondly, we should be cautious to unscramble the result in our study because the included studies of clinical type were limited. Thirdly, as some studies included in our meta-analysis are based on unadjusted estimates, so that some risk factors such as gender, age, family history and environment factors might cause confounding bias.
In spite of the limitations above, our meta-analysis had also several advantages. Firstly, a meta-analysis of the association of CCND1 G870A polymorphism on diseases risk is statistically more powerful than any other single study. Secondly, the majority of the eligible studies included in our meta-analysis were populationbased. It has been accepted that population-based studies were more representative of the general population than hospital-based studies, and the quality of our eligible studies met our inclusion criteria. Besides, the sensitivity analysis and publication bias analysis showed the stability and credibility of the meta-analysis, and the process of literature selection, data extraction and data analysis in the meta-analysis was well designed and conducted.
In conclusion, CCND1 G870A polymorphism may increase non-Hodgkin lymphoma risk, but not leukemia. However, more primary large scale and well-designed studies are still required to evaluate the interaction of CCND1 G870A polymorphism with leukemia and nonHodgkin lymphoma risk. Int J Laboratory Med, 33, 1567-8. Qiuling S, Yuxin Z, Suhua Z, et al (2003 
